Abstract -The use of solvent effects on reactivities in the diaqnosis of inorqanic substitution mechanisms is discussed, and the converse approach,
INTRODUCTION
The establishment of solvent effects on reactivities was carried out many decades ago in efforts to establish mechanisms of substitution at carbon centres. This approach was subsequently extended to substitution at a few other ~-block elements, and then to substitution in inorganic complexes. Meanwhile one or two inorganic reactions of established mechanism were being employed to probe solvent structural properties, in non-aqueous and in mixed aqueous media. Many years ago solvent effects on reactivities in some orqanic systems were analysed irito their initial state and transition state comporients in order to qain qreater insight into mechanisms. Subsequently this approach was extended to ~-element compo\lnds, and then to inorqanic complexes. We shall follow this chronoloqically-based sequence in the discussion which follows.
MECHANISM DIAGNOSIS
The early qualitative ideas of Hughes and Inqold were applied in a quantitative manner by Grunwald a0d Winstein (1) to the problern of distinguishing between dissociative and associative meohanisms of substitution at carbon. Subsequent extension to substitution at halides of other ~-block elements is indicated in Table 1 , which shows the substrates and solvent sensitivity parameter ~· (6) 0.32 (7) 0.3 (8) 0.12 (9) 0.23 (10) 0.4
In order to probe solvent structure one needs a reaction of known mechanism whose rate is sensitive to changes in solvent environment. Aquation of cobalt(III) complexe.s or formation of nickel(II) complexes (dissociative), and Substitution at square-planar d 8 complexes (associative) have been or are potentially useful. Aquation of the Fe(5N02phenla 2 + cation,whose activation volume indicates a dissociative mechanism (17), is useful here as rates are particularly sensitive to changes in solvent medium. Aquation at cobalt(III) or low-spin iron(II) centres reflects structure breaking and making in t-butyl aldohol + water mixtures (lS),while the reaction of nickel(II) with bipy or pada reflects solvent structural properties in both non-aqueous and mixed aqueous media (19) . These reactions, and substitution at the Pd(Et~dien)cl+ cation, show an interesting correlation between reaction rate and the Gibbs excess function of mixing, ~. of the solvent components at least in wat~r-rich "typically aqueous" (GE positive; TSE>HE) mixtures (12, 20) .
INITIAL STATE AND TRANSITION STATE SOLVATION
Further progress in understanding solvent effects on reactivity requires dissection of the composite rate constant trends into their component initial state and transition state solvation trends. This was first attempted for solvolysis of t-butyl chloride (21) . The results of this analysis, for enthalpies, are illustratedfor alcohol + water mixtures in Figure 1 . Solvent Thus far we have restricted ourselves to reactions involving uncharged molecules, whose enthalpies of transfer or chemical potential changes can be observed fairly directly and satisfactorily. However the majority of inorganic complexes are charged, as are many potential nucleophiles. Now the estimation of transfer properties for reactants is complicated by the difficulties in establishing single ion values, in which process it is necessary to make assumptions, sometimes on none too firm foundations. Nonetheless it is often possible to make qualitative deductions even if these cannot be expressed quantitatively with confidence. This is illustrated by Figura 3, in which solvent effects on the reaction of Fe(bipyls 2 + with cyanide are analysed into initial and transition state components on two different bases for transfer parameters for the iron(II) cation (different assumptions regarding the cyanide ion only make a small difference here). Regardless of assumption, the solvent effect on reactivity is a small resultant of similar solvation effects on the iron(II) moiety of the initial state and of the transition state; the hydrophobic periphery of this complex dominates (26) .
The mercury(II)-catalysed aquation of the Co(NHslsC1 2 + cation provides another example where small changes in rate constant with solvent composition are the result of large but almest identical initial state and transition state effects. However in mercury(II)-catalysed aquation of the ReC1& 2 -anion initial state effects are twice as large as transition state effects (Figura 4).
The results of these solvent effects on reactivity dissections are summarised in Table 3 , which also shows the results of our preliminary studies of (outer-sphere) peroxodisulphate oxidation of low-spin iron(II) species. The majority of the results presented refer to mixed aqueous solvents; the reactions of Mo(CO)-(bipy) with such nucleophiles as triphenyl phosphine, cyanide, and azide are currently being assessed for similar treatment in a range of non-aqueous solvents. While it is possible to derive transfer parameters more or less satisfactorily for reactant species, it is of course not possible to derive these directly , . , . , • --c---. . . .
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2091 for transition states. However it is possible in some cases to estimate such transfer paramatere by the use of suitable models for the transition state. This has been attempted in, for example, t-butyl Chloride solvolysis by the use of tetraalkylammonium chlorides as transition state models (21) , andin solvolysis of, and hydroxide attack at, iron (II)-diimine complexes usinq naphthalene and naphthol (31).
